Yeasts were quantified and isolated from the rhizospheres of five plant species grown at 40 two sites of a Mexican region contaminated with arsenic, lead, and other heavy metals. 41
with Brassica juncea. Resistance of isolates by As and heavy metals was as follows: As 3+ 50 ≥100 mM; As 5+ ≥30 mM; Zn 2+ ≥2 mM; Pb 2+ ≥1.2 mM, and Cu 2+ ≥0.5 mM.
Strains of 51
Cryptococcus albidus were able to reduce Arsenate (As 5+ ) into Arsenite (As 3+ ), but no 52 isolate was capable of oxidizing arsenite. This is the first study on the abundance and 53 identification of rhizosphere yeasts and in a HM and arsenic-contaminated soil and in 54 arsenate reduction by the species C. albidus. 
characterization. 91
The aim of this work was to evaluate the diversity of rhizospheric yeasts associated with 92 HM-and arsenic-resistant plants and to evaluate their ability to biotransform As. In order 93
to accomplish this, we isolated and characterized the rhizosphere yeasts associated with 94 five plant species grown at two sites in a small town, namely Villa de la Paz, in the State 95 of San Luis Potosí, Mexico, a traditional mining region with mine tailings, soils, and 96 plants contaminated with high concentrations of arsenic and HM (Franco-Hernández 97 2010). To date, no study on microbial diversity and the HM and arsenic detoxification 98 potential in this region has been reported. 99
Materials and Methods 100
Sampling sites 
Yeast isolation 130
For isolation of yeasts, 0.5 g of rhizospheric soil from each plant species was suspended 131 in 4.5 mL of sterile saline solution (NaCl 0.85%). Serial dilutions were prepared up to 10 water, 1 L). The inoculated Petri dishes were incubated at 28°C for 7 days. Single 138 colonies were selected according to their morphology and were purified by repeated 139 cross-striking on YPD plates of until all of the colonies in the same isolate presented 140 similar morphology (Al-gabr et al. 2014). Purity of the isolates was verified 141 microscopically, and the pure isolates were conserved at -70°C in microtubes (1.5 mL) 142 half filled with YPD broth supplied with glycerol (50%, w/v). (http://blast.ncbi.nlm.nih.gov/Blast.cgi) were used to extract the sequences for related 168 taxa and were utilized as references for the subsequent phylogenetic analysis. All of the 169 sequences obtained in this study were manually edited with the reference alignment 170 editor BIOEDIT and aligned together with the reference sequences using CLUSTAL X 171 ver. 1.7 software (Thompson 1997 ). The phylogenetic tree was constructed by the 172 Maximum Likelihood method (Guindon and Gascuel 2003) using the best models: 173 (Kimura 2 Parameter + I + G) for 26S rRNA and Tamura 3 parameter + I + G for ITS 174 fragments selected by using jModelTest ver 3.06 software, based on the Akaike 175 Information Criterion (AIC) (Posada 2008) . Statistical validation at each node was 176 determined by 1,000 bootstrap replicates. A zygomycete, Rhizopus microsporum, was 177 employed as out-group for tree rooting. 178
D

Determination of enzymatic activities 179
The productions of the following enzymes were analyzed: amylase; pectinase; xylanase; 180 cellulase; protease, and pectinase. Enzymatic activities were performed by initially 181 growing the isolates in YPD broth for 24 h at 28ºC. Afterward, 100 µL aliquots were 182 inoculated on the specific culture media for the investigation of each enzyme. The plates 183 were incubated at 28ºC during 72 h. Screening for amylases and pectinases was 184 NaH 2 AsO 4 , and NaAsO 2 . Inoculation and incubation conditions were the same as those 245 for resistance to salinity. 246
Oxidation and reduction of arsenic compounds by the isolates 247
The ability to oxidize the arsenite or reduce the arsenate of the yeast isolates was 248 (Table 1) . The D1/D2 fragment of the 275 26S rRNA gene was amplified from all of the isolates, with the expected size of 600 pb. 276
Additionally, the ITS fragment was amplified with the same expected size. The 277 nucleotide sequences acquired in this study have been deposited in GenBank under 278 accession numbers KP455389-KP455419 for 26S rRNA and KT716400-KT716430 for 279 the ITS fragment. 280
Phylogenetic analyses of the D1/D2 sequences grouped the isolates within the phyla 281 Basidiomycota (29 isolates) and Ascomycota (two isolates), with 25 isolates belonging to 282 the genus Cryptococcus (80.64%), two to Rhodotorula (6.45%), two to Exophiala 283 (6.45%), one to Trichosporon (3.22%), and one to Cystobasidium (3.22%) (Fig. 1A) . The 284 majority of the isolates exhibited high sequence coverage and identity (100 and 99-285 100%) with the defined species (data available as Supplementary was the most common and was represented mainly by the species C. albidus and C. 295 uzbekistanensis (25 isolates exhibited an identity range of 99-100%). The genus 296
Rhodotorula mucilaginosa was represented by three isolates (YR24, YR29, and YR11). 297
The Exophiala genus was represented by isolates belonging to the species Exophiala 298 capensis with low identity of 87%. Finally, isolate YR20 was again designated as 299
Trichosporon, related with the group T. japonicum, T. insectorum, Trichosporon faecale, 300
and Trichosporon asteroides, as depicted in Fig. 1B . 301
Enzymatic Activity and Potential Plant Growth-promoting Features of Rhizospheric 302
Yeast Isolates 303
Results of the enzymatic characterization demonstrated that 51.6% (16/31), 51.6% 304 (16/31), 41.9% (13/31), 12.9% (4/31), and 0% of the rhizospheric yeasts presented 305 pectinase, protease, xylanase, cellulase, and amylase activities, respectively (Table 1) . 306
For the plant growth promoting features, only siderophore and IAA productions were 307 detected among some isolates at the proportions of 16.1% (5/31) and 9.67% (3/31), 308 respectively. The species R. mucilaginosa (two isolates) and C. sloffiae (one isolate) were 309 positive for AIA production, and both genera were selected for the IAA quantification. 310
Polyamine production and phosphate solubilization were absent in all isolates. 311
IAA Quantification of the Two Isolated Yeasts 312
Three yeasts are capable of producing IAA, two of them belonging to R. mucilaginosa 313 (YR29 and YR24,) with auxin produced concentrations of 9.61 and 9.02 mg.mL -1 in 7 314 D r a f t days respectively, while C. slooffiae produced only 6.8 mg.mL -1 , with a significant 315 difference in IAA production between strains and between incubation times (p <0.05). In 316 addition, the concentration of IAA increased as time passed from incubation (Fig. 2) . 317
Germination Promotion of Brassica juncea Seed by IAA Secreted by Rhizospheric 318
Yeasts 319 A significant increase was observed in seed germination of B. juncea with treatments 320 containing filtrates of rhizospheric yeasts (YR24, YR11, and YR29) compared with the 321 control. Seed germination at 48 h of incubation increased by >70% in all treatments 322 including the control. Only the treatment with the YR24 strain filtrate demonstrated a 323 difference significant difference (p <0.05) from the rest of these, with 96.6% germination 324 (Fig. 4) . In the case of seedling growth, in all treatments supplemented with filtrate yeast, 325 seedling growth exhibited a significant increase compared with the control (p <0.05) 326 (Figs. 3 and 4) . These results suggest that the IAA produced by the rhizospheric yeasts 327 promotes germination and plant growth under the conditions tested. 328
Heavy-metal Resistance and Arsenic Oxidation/Reduction 329
The isolated yeasts demonstrated high resistance to Arsenic (As 3+ and As 5+ ), but were 330 sensitive to the remaining HM, especially to Cu. The MIC of the 31 isolates in MBMM 331 was 0-5 mM for ZnSO 4 , 0-1.2 mM for Pb(NO 3 ) 2 , 0-0.5 mM for CuSO 4 , 0-30 mM for 332 NaH 2 AsO 4 , and 0-100 mM for NaAsO 2 ( arsenite; all positive isolates belonged to the species C. albidus and exhibited a reduction 337 percentage within the range of 10-40% in samples with 0.15 mM of As V (Table 2) , 338
Discussion 339
In the present study, the rhizospheric yeasts were isolated and characterized, to our 340 knowledge for the first time, from the plants grown in a region that were seriously 341 contaminated with multiple HM and arsenic. Of the two sampling sites, both the hill and 342 the mining tailing could be classified as extreme environments based on their low 343 nutrients and high As, Pb, Zn, Mn, Cd, and Cu (see data in Supplementary Table S1 ). The 344 mine tailing possesses high concentration of HM and arsenic (As, Pb, Zn, Mn, Cd, and 345 Cu), poor organic matter, low nitrogen, and is slightly salty and slightly acidic to neutral 346 pH, while the hill also possesses high concentrations of HM and arsenic; however, the 347 concentration of nitrogen and organic matter presented a normal-to-high range and was 348 slightly acid to neutral pH. The parameters of these soils are important because they 349 
2013; Tintelnot and Losert 2005). 398
In the past decade, Rhodotorula species, including R. mucilaginosa, which covered two 399 isolates in this study, are found to be ubiquitous in soil and rhizosphere (Hong et In tests for enzymatic and potential plant growth-promoting activities (Table 1) In nature, arsenite can be also detoxified by methylation, which transforms the arsenite 469 into a volatile form (Su et al. 2011 ). Further study is required on our isolates in order to 470 ascertain whether they possess the methylation function or another. To date, scarce 471 information is available on As transformation by yeasts, and there is no report on As 472 transformation by Cryptococcus. Therefore, our study was, to our knowledge, the first 473 report on arsenate reduction by this yeast. 474
In conclusion, yeasts associated with the rhizosphere of S. angustifolia, Prosopis spp., 475
Thitonia diversifolia, F. angustifolia, and Bahia absinthifolia plants grown in soils 476
seriously contaminated with arsenic and other HM presented low abundance (10 2 CFU g -1
477
of soil) and low diversity, covering only five species in five genera. The Cryptococcus 478 group comprised the major yeast found in all of the five plants grown at both sampling 479 sites. Many yeast isolates produce pectinases, proteases, and cellulases and have a low 480 production of siderophore and IAA. The majority of the yeasts demonstrated resistance to 481 salinity, alkaline conditions, and also resistance to multiple HM and arsenic at high 482 concentrations. Some isolates presented higher resistance to arsenite than to arsenate and 483 they reduced arsenate to arsenite. Future study to evaluate the capacity for transforming 484
As
3+ into methyl-compounds and the potential for bioremediation is needed. 
